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ACOUSTIC PROJECTOR HAVING MINIMIZED MECHANICAL STRESSES 

Cross Reference To Related Application 

This application claims the benefit of US provisional application serial number 
60/529,444, filed December 12, 2003, 

Background of the Invention 

1. Field of the Invention 

The present invention relates to underwater acoustics and more particularly to 
acoustic projectors. Even more particularly, the invention relates to an acoustic 
projector having increased mechanical strength by the addition of a metallic liner 
and/or a reinforced outer shell formed of epoxy graphite layers. 

2. Brief Description of Prior Developments 

In the deployment of low frequency underwater acoustic projectors effective 
management of mechanical stresses within the radiating device are a critical design 
issue that must be addressed to ensure successful operations over a wide range of 
depths and acoustic dynamic range. One of the stresses most difficult to manage is the 
z-axis stress or stress along the length of the projector. This stress is particularly 
difficult to manage when these devices use a filament wound composite shell 
component to serve as the primary mechanical structure within the radiating device. 

The prior art method of slotted cylinder projector design was to concentrate on 
achieving high hoop modulus (circumference modulus) of a graphite/epoxy shell. In the 
winding process the manufacturer achieves high hoop modulus by having a wind angle, 
near 90 degrees, which reduced the z-axis modulus (in the length direction) 
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Having a reduced Z-axis modulus means the stifftiess in the z-diiection is 
reduced and thus during operation and depth excursion, the stress in that direction are 
increased. Not adhering to reduced dynamic range and depth could result in mechanical 
failure. For typical slotted cylinder projector operation and size limits, fliis increased 
stress reduces the depth and dynamic range capability of the slotted Cylinder projector. 

A need, therefore, exists for an acoustic projector construction in which 
mechanical stresses are minimized so as to increase depth performance and dynamic 
range. 

Summary nf TnvftTitinn 

To solve this problem the acoustic projector shell can be assembled with a 
metaUic Uner along the internal diameter (ID) of the shell. This metaUic Uner provides 
mcreased stiffness in the Z-axis direction (along the axial length of the projector), 
which reduces stress. The metallic liner can be any metal, such as aluminum, steel, 
titanium, brass, etc. An additional method of increasing the Z-axis stiffiiess (modulus) 
is to change the wind angle, or introduce longitudinal fibers along the length of a 
graphite/epoxy or other composite type, filament wound shell. The one advantage the 
metallic liner has over the composite wound solution, entailing longitudinal fibers or 
wind angle change, is that the shell can be any material and the modulus in the hoop 
direction (circumference) is unchanged, thus the resonance or tuned frequency of 
operation is unchanged. 

In the method and apparatus of this invention, a slotted cylinder projector 
graphite/epoxy shell, which includes a metallic liner or increased graphite stifftiess in 
the z direction, reduces stress in the projector along the z dkection, which significantly 
increases the depth of operation and dynamic range of the projector. These 
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improvements can be made without sacrificing other performance metrics, such as 
bandwidfli, source level or efficiency. 

Brief Description of the Drawings 

The present invention is further described with reference to the accompanying 
drawings wherein: 

Figure 1 is a perspective view of an acoustic projector with the improved shell 
segment incorporated therein; 

Figure 2 is a perspective view of a preferred embodiment of a single shell 
segment of the acoustic projector of the presentation; 

Figure 3 is a cross-sectional view taken on line 3-3, Fig. 2; 

Figure 4 is a vertical cross section of an alternate embodiment of the metallic 
liner mounted in the acoustic projection of the present invention; 

Figure 5 is a cut-away view of a modified sheU segment formed with 
overlapping angled epoxy/graphite strips. 

Figure 6 is a fragmentary perspective view of a prior art non-reinforced shell 
segment. 

Similar numbers refer to similar parts throughout the drawings. 

Detailed Desc ription of the Preferred E mbodimftiit 

The mxprovements to the construction of the slotted cylinder or outer shell to 
reduce mechanical stress requires either the addition of a metallic liner to the inner 
diameter of tfie sheU or the forming of the shell by a plurality of overlapping angled 
strips formed of an epoxy/graphite composition. Figure 2 shows an isometric drawing 
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Of an assembled sheU segment that has a metalHc liner on the inner diameter of the 
graphite epoxy shell. Figure 3 shows a cross section of the shell segment having the 
metallic liner on the inner diameter of the graphite/epoxy sheU. This liner covers the 
entn» length of the sheU and covers the complete inner diameter of the shell. The 
metallic liner is usually placed between the inner diameter of the shell and the outer 
diameter of an insulation material. The metallic Uner can be of various metalUc 
material, such as steel, aluminum, titanium, brass, etc. 

The stiffness of the material used for the metallic liner as well as the thickness 
of that Uner, controls the stiflfaess in the z or axial direction of the projector- The liner 
material and thickness can also be changed to adjust the resonance ftequency and 
bandwidth of the projector. Additionally, the metaUic liner does not have to be of 
uniform thickness in the hoop or circumferential direction. A tapered liner can provide 
needed stiffaess near die node (opposite the slot), while being tapered toward the slot to 
reduce weight and effects on acoustic performance, as shown in Figure 4. An optimal 
design would be the inclusion of the metallic liner with no negative effects, perhaps 
improving effects on the acoustic response, a significant increase in operation and 
survival depth c^abilities, as well as an increase in dynamic range capability. 

As widi the metaUic liner, adjusting the graphic/epoxy sheU wind angle and 
fiber content as shown in Figure 5 can also adjust the stiffness in the Z or axial 
direction. Methods for adjusting the modulus of the axial direction are weU known by 
those familiar with graphite (composite) tube manufacture. These methods include 
reducing the wind angle, such that a higher percentage of fiber is in the axial direction, 
during the winding process. An additional method of achieving higher axial stiffness is 
to lay high modulus fibers, in the axial direction, between die winding layer. 
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A disadvantage of using the graphite wind technique to change the modulus, 
versus adding a metaUic liner, is that the hoop or circumferential direction modulus will 
always be effected. In most cases the hoop modulus will be reduced when the axial 
modulus is increased. This reduction in the hoop direction modulus has undesirable 
effects on the depth of operation of the slotted cylinder projector because the shell 
modulus and strength are the primary support structure of die projector. Additionally, 
when the hoop modulus decreases the resonance also decreases and thus to maintain 
acoustic and depth performance additional shell thickness may be needed. 

The improved construction and method of slotted cylinder projectors is similar 
to die prior art in the fact that it is produced from layers of cylindrical material. 
However, the prior art does not include an important improvement of additional 
metallic layer between die inner diameter of the shell and outer diameter of the 
insulation material nor the particular angled overlapping relationship of the 
epoxy/graphite stiips. Hgure 6 is a view of the prior art of a sheU segment with no 
metallic liner. 

The acoustic projector of the present mvention is indicated generally at 1, and a 
first embodiment is shown in Fig. 1 with the unique features of the present invention 
being shown particularly in the embodiments of Figs. 2-5. Figure 1 shows an 
assembled acoustic projector having the assembled sheU and driver encased in outer 
layer of a rubberized material 2 or other material resistant to the harsh undersea 
environment in which the projector will be utilized. Electrical cables 4 for siq)plying 
power to the enclosed driver are secured by a connection 6. The electrical power is 
connected to the driver contained therein in a usual manner weU-known in the acoustic 
projector art It is readily understood that projector 1, in addition to the unique 
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shell/liner described below, wiU have a pair of end plates (not shown) connected 
together in projector 1. 

In accordance with the invention as shown in Fig. 2, a sheU 8 contains a driver 
10. Driver 10 is weU-known in the acoustic projector art and preferably is formed of 
piezoelectric material and is connected to electrical cable 4, and thus is not described in 
further detail. Shell 8 preferably is formed with a longitudinaUy extending slot 14 
along which extends a pair of arcuate segments 16, which are secured in position along 
the edges of slot 14 within the interior of shell 8, by a pluraUty of screws 18 or other 
type fasteners. Segments 16 will usually be formed of a dielectric material so as to not 
interfere with driver 10, but could be formed of an electrically conductive material and 
separated from driver 10 by a layer of insulation if desired, without affecting the 
concept of the mvention. Arcuate segments 16 assist in retaining driver 10 within shell 
8. Various types of bonding adhesive or caulking material can also be used to secure 
driver 10 wifliin shell 8. 

In accordance with the invention, a reinforcing liner formed of metal extends 
generally throughout the longitudinal length of shell 8 extending along the internal 
diameter (ID) of the shell. Liner 20 will be formed with a longitudinaUy extending slot 
22 which is aUgned with sheU slot 14. Metallic liner 20 can be formed of various 
materials such as aluminum, steel, titanium, brass, etc and may be separated ftom shell 
8 by a layer of msulation (not shown). However, a layer of insulation 24 will be 
located between driver 10 and metalUc liner 20 to electricaUy isolate driver 10 from the 
metallic liner. Liner 20 may have various thicknesses depending upon the type of 
material used and the dynamic range of the projector and depth to which it will be 
subjected to in use. 
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A modified metaUic liner is shown in Fig. 4 and indicated at 26. Liner 26 
increases in radial thickness as it extends from adjacent slot 22 toward a location near 
node 28, which is diametrically opposite slot 22, at which location it is thicker than 
adjacent slot 22. Again, liner 26 will be separated from driver 10 by insulation layer 
24. 

A further modification to the projector, and in particular, the shell segment 
thereof is shown in Fig. 5. Shell 30 is formed of a pluraUty of overlapping angled strips 
of graphite fibers encased within an epoxy. In accordance with the invention, a 
pluraHly of strips are wound in a circumferential and angular relationship to form sheU 
30. In one embodiment, inner and outer strips 32 and 34 respectively, are wound in a 
circumferential manner, that is 90° with respect to the longitudinal or Z-axis 36 of sheU 
30. A pluiaUty of angled strips 38 and 40 are wound at an angular relationship with 
respect to axis 36, generaUy within the range of 45° and 85° with respect to axis 36 
with die preferred angle being approximately 70°. Thus, the next layer of shell 8 will 
be fonned with angled strip 38 extending across the longitudinal length of the sheU 
foUowed by a second intermediate layer 40 wound at a generaUy opposite angle with 
respect to that of strip 38 in a generally spiral relationship across the length of shell 30. 
Should additional strips be desired, an intermediate strip 42 can be provided, which 
could extend in the same circumferential direction as are strips 32 and 34 followed by 
two additional strips 38 and 40 wound at their respective opposite angles in an 
overlapping relationship. 

The particular embodiment shown in Hg. 5 is just one arrangement of using 
wound strips to fonn outer shell 30. As an example, inner strip 32 can extend in a 
circumferential 90° relationship with respect to axis 36 completely across the 
longitudinal lengfli of the shell preferably followed by alternating oppositely angled 
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Strips 38 and 40 which are in overlapping relationship to each other and to inner strip 
32, with each strip 38 and 40 extending in a wound relationship throughout the entire 
longitudinal length of tiie shell. Outer strip 34 then can be wound over intermediate 
Ships 38 and 40 in a circumferential relationship across the entire longitudinal length of 
shell 30 without requiring a center strip 42 and two outermost angled strips 38 and 40 
as discussed previously. Other combinations of tiie graphite/epoxy strips can be 
utilized to form a reinforcing sheU havmg mcreased strength in the axial direction due 
to tiie angled relationship of die strips extending tiiere along. Preferably, the strips wiU 
be formed of an epoxy resin embedded with longitudinaDy extending fibers arranged in 
a fiber tow, which has been found to provide for the desired strength. 

Fig. 6 is a view of a prior art acoustic prcgector shell indicated generaUy at 50, 
which may be formed of the heretofore epoxy/graphite strips all of which were wound 
only in an orthogonal or circumferential hoop-like relationship with respect to flie 
longitudinal axis of the sheU as are strips 32 and 34 discussed above. Prior art sheU 50 
may also be framed of various types of ceramic materials. The driver 54 is mounted 
wifliin the interior of shell 50 and separated dierefix>m by an insulation Imer 56 witiiout 
any mtemal metaUic reinforcing strip as are strips 20 and 26 discussed above. 

While tiie present invention has been described m connection with tiie preferred 
embodiments of die various figures, it is to be understood tiiat otfier similar 
embodiments may be used or modifications and additions may be made to tfie 
described embodiment for performing the same fimction of tiie present invention 
witiiout deviating tiierefirom. Therefore, tiie present invention should not be limited to 
any single embodiment, but rattier construed in breadtti and scope in accordance witii 
the recitation of the appended claims. 



